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LOWSUPERSONICSTABILITYANDCONTROl,CHARACTERISTICS

OFA O.OIS-SCALE(REMOTELYCONTROLLEDELEVON)

MODEL SRA TESTED

IN HASA/LaRC i)

(mlOl)

A55TRA CT

The investigation was cond1_cted in the NASA/Langley Resear_h Center

Unitary Plan Wlnd Tunnel Test Section 1 from May 17 to 24, 1977. The

model was a Langley-built O.OlS-scale SSV Orbiter model with remote in-

dependently operated left and right elevon surfaces. Special attention

was directed to definition of nonlinear aerodynamic characteristics by

taking data at small increments.

The objectives of the test were to obtain low supersonic aero-

dynamic data on control surface linearity and sensitivity to Mach wumber

for fine cut speed brake, body flap and rudder deflections, to in-

vestigate the interactive effects of mutual control surface deflections,

and to obtain basic speed brake, body flap and rudder information not

previously obtained in earlier studies.

Six component aerodynamic force and moment and eievon position data

were recorded for the Space Shuttle Orbiter with various elevon, aileroD

rudder and speed brake deflection combinations over an angle of attack

range from -2° to 20 ° at angles of sideslip of 0 ° and 3° . Additional

tests were made over an angle of sideslip range from -6° to 6° e_t an

angle of attack of i0 °. Test Mach numbers were 1.5, 2.0, and 2.86

with Reynolds numbers held at a constant 2.0 x 106 per foot.
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INTRODUCTION

Langley Research Center (LsRC), assisting Johnson Space Center (JSC)

in the Sl_ce Shuttle development program, is continuing their support in

determining Space Shuttle Orbiter aerodynamics, utilizing, at present, an

.OlS-scale model having remotely controlled elevons. The original phase

of this project was initiated to determine, systematically, fine-cut sta-

bility and elevon/aileron control characteristics of the Orbiter and to

locate areas of non-linear aerodynamics and to investigate the sensitivity

of these non-linearities to Reynolds number in the Mach number r_ge from

O. 20 to 4.60.

During the analysis of results obtained in this basic program, sev-

eral areas needing further investigation were discovered. No cons_der-

atlon was given to the possibility of interactive mutual interference

effects between control surfaces in combination where one deflected sur-

face could significantly affect the aerodynamic effectiveness of another.

Also, there is a significant lack of data on the rudder effectiveness

associated with incremental speed brake, or body flap deflections.

The objectives of these continuing studies are, therefore, to de-

termine control effectiveness linearlty for flne-cut speed brake, bo_y

flap, and rudder deflections and to investigate the interactive eff_ct_

of mutual interference when control surfaces are deflected in co_.bi_-

at ion.

In addition, attention was directed to determining the longitudinal

trim capability and lateral-directional stability of the Orbiter f,_r var-

ious speed brake deflections (from 55 ° to 0°) while holding elevou de

flection from 0° to -10 °. This control approach was suggested as a _ar_

of range modulation by increasing l_ft-drag ratio vhile retaining suffi-

cient elevon travel for roll control.

The present investigation was initiated to study the low supe_':_on_ c

characteristics, utilizing the NASA/Langley Research Center Un_tac _ Pla_

Wind Tunnel (Leg 1). The test was conducted from May 17 to 24, 1777.

6



IHI'RODU_I'ION (Concluded)

The test _ach numbers of this investigation were 1.5, ?.O and 2.86 wi_ h
6

Reynolds number held at a constant 2.0 x I0 per foot. Six eompon_nt

aerodynamic force and moment and elevon position data were recorde0 for

the Space S_Ittle Orbiter with various e!evon, aileron, rudder and speed

brake deflection combinations over an angle of attack range from -2° to

20° at angles of sideslip of 0° and 3°. Additional tests were made over

an angle of sideslip range from -6° to 6° at an angle of attack of i0°.
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Nc,?,k_;C LA'IbRE

Geners!

S_,_L

Cp

M

P

q

RJ;/L

V

-O"

Ab,

b

c.g.

c

SUBSCRIPTS

b

1

s

t

MLY._.:O,_.qC

CP

MACH

Q(NSM)

q(_F)

RN/L

ALPHA

BETA

PSI

-PHI

EREF

LREF

SR_

MRP

XMRP

YMRP

Z_4RP

D_.'_IITION

spe_d of sound; m/sac, ft/sec

pressure coefficient; (Pl -P_)/q

• _" Y/8_4a_h number;

pressure; N/m a, psf

dynamic pressure; I/2_, _:/m2, psf

f

unit Reynolds number; per m, per ft

velocity; m/sac, ft/sec

sngle of 8ttsck, degrees

sngle of sideslip, degrees

sngle of yaw, degrees

sngle of roll, degrees

msus density; k_m 3, slugs/ft 3

Reference & C.G. Definitions

b_se sres; m2, ft 2

wing sp_n or reference span; m, ft

center of gravity

reference length or _ing mesh

aer_dyusmic chord; m, ft

wing ares or reference sre_; m 2, ft 2

moment reference point

moment reference point on X sxis

mo_aent reference point on Y sxis

moment reference point on Z sxis

Io<:oi

gt_,tic conditions

tot_.l conditions

frt,e s treum



Body-.-'_z_c System

SYmbOL

%

C A

Cy

c4

CAr

_

Cn

cl

CL

CD

c%

CDf

Cy

Cm

C
n

q

L/D

L/Dr

CN

CA

CY

C._

• CAF

CLM

CYN

CBL

CL

CD

CDB

CDF

CY

CI_4

CI21

CSL

L/D

L/OF

DEFIf,qT!O?T

normml-force coefficient; normal force
qS

azda!-force coefficient; axial force
qS

side-force coefficient; side force
qS

== _ _ .. baae forcebase-force co__ f_c_en _,
qS

-Ab(_ - P=)lq_

foreboch: axi_! force coefficient, CA - CAb

pitc_ng-m_ent coefficient; pitching moment

q_R_

ya'.Jlng-monent coefficient; yawing moment
qSb

rolling-r.c-_ent coefficient; rolling moment
q ,'_b

Stability-.Z_'c[_ System

lift coefficient; lift
qS

drag coefficient; drag
qS

base-drag coefficient;
base drag

qS

forebody dreg coefficient; CD - CDb

side-force coefficient; side force
qS

pitching-moment coefficient; _itching moment

qSLR_

yawing-mo_.-.ent coefficient; yawing moment
qSb

rolling-reorient coefficient;

lift-to-drag ratio; C_C D

rolling moment

qSb

lift to focebody drag r_tio; CI/CI) f



SYMBOL

_a

6e

cA

_e

Se

6SB

_r

_BF

6eL

6e R

Cy_

Cn8 (BODY)

C_8 (BODY)

MNE_DNIC

AILRON

EIEVON

CA

SPDBRK

RUDDER

BDFIAP

ELVN-L

ELVN-R

DBETA

GRIT

CPBI,2

CPCI,2

NOMENCLATURE (Continued)

(Additions to Nomenclature)

DEFINITION

aileron, total aileron deflection angle, degrees,

(left aileron-right aileron)/2

elevon, surface deflection angle, positive de-
flection trailing edge down, (left aileron +

right aileron)/2

axial-force coefficient unadjusted for base or

sting cabity pressures.

elevon mean aerodynamic chord, in.

elevon p!anform area, ft.

speed brake deflection angle, degrees

rudder deflection angle, degrees

bodyflap deflection angle, degrees

left elevon, surface deflection angle, positive

deflection trailing edge down, degrees

right elevon surface deflection angle, positive

deflection trailir_ edge down, degrees

sting cavity area m2, ft2

body length, m, ft.

incremental angle of sideslip, difference

between two or more test runs, degrees

parsmeter to denote testing _ith grit GRIT = 1

(grit on), GRIT = 0 (grit off)

side-force coefficient beta derivative obtained

from alpha sweep data obtained at different beta

settings

body-axis yawing-moment beta derivative obtained

from alpha sweep data at different beta settings

body-axis rolling-moment beta derivative obtained
from alpha sweep data at different beta settings

orbiter base pressure coefficients; (Pbl,2-p_)/q

orbiter sting cavity pressure coefficients;

(Pcl, 2-P_)/q

I0
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MODEL DESCRIPTION

The test model was a O.Ol5-scale model of the Space Shuttle Orbiter

(Figures 2 and 3). The model was constructed at the Langley Research

Center using the nose section forward of full-scale fuselage station

672.8, the vertical tail and 0MB pods from an existing Rockwell model

49-0. The remainder of the model, the wings, elevons, and body _rere cor-

structed from Rockwell-_urnished line details. The elevon hinge line gap

was sealed for this test. The leet and right elevon surfaces were _ri_,_n

independently by internally mounted electric motors. The ele'_o_ posits_on

was determined by high resolution potentiometers mounte_! on the p_ot _xis

(hinge-line) of the elevons, thus giving the true position of the ,levon

under load at all times. The accuracy of the elevon position is the read-

out accuracy of the potentiometer, which was determined to be withi_ 0.2

degree.

The model configuration is st_T_larized as follows:

Orbiter - 140A/B/C = B26 C9 E43 F8 MI6 N28 R 5 V 8 W

Component

B26

c9

E4 3

F8

Definition

Fuselage per Rockwell Lines VL70-OOOI2_OA and

VL70-OOOI40B (Model drawing SS-A00147)

Canopy per Rocl_'ell Lines VLT0-OOOI43A and

VL70-O00143B (i,bdel drawing SS-A00147)

Slottea verb_on (6 inch) o_ m2_ elevor.o per Rcck,_._ii
VL70-000145 (Model drawing SS_00147)

Bod_fflap per Roc_Jell Lines VLTO-OOOIh5 (Model

drawing SS-AOOI47)

ii



MODELDESCRIITION(Concluded)

Definition

O_,IG/RCS pods per Rockwell Lines VL70-0084010

drawing SS-AOO147 )

(Model

R5

O_ engine nozzle per Rock_ell Lines VL70-000145

(_bdel drawing SS-A00147)

Rudder per Rockwell Lines VLTO-OOOI46A (Model dra_,.:in6

ss-Aooi48)

v8

W

Vertical tail per Rockwell Lines VLT0-OOO146A (_iedel

drawing SS-AO0149)

Wing per Rockwell V70-30-906-01 (Basic Control @r,%wing)

A complete description .of me@el dimensional data is given in

Table III.

]2



PPrL_ _-_m•_ CO_IT IONS

The tunnel conditions e;:isting during the test were m_ariz<<: i.;.

Table I and the configurations tested are shown in Table II. The .r.odel

was sting supported, and the aerodynamic forces and moments were measured

by an internally mounted six-component strain gage balm_ee, in a_ attempt

to insure turbulent flow over the model, slrips of carborundum -_*gr_ _ _,rere

applied to the wing, vertical tail, _n _ nose as shown in _._:....._. 2.

angle of attack was varied from about -2° to 20 ° for smgles of _-_....-"..t ..... .l.zp

of 0° ana 3°. Sideslip angles were varied from -6° to 6° at an angle of

attack of i0°. Angles of attack and sideslip have been corrected ......= .... t he

effects of sting deflection under load. No additional correeti,oa :h:.,: tc

load has been applied to elevon a:'gle sz_:ee to_:._ torsional bendin< _,L

the elevon has been __" ._r._4 toc_eue_-_m....... be negligible.

]3



TEST FACILITY DESCRIPTION

The NASA LaRC 4 foot Unita_7 Pl&n Wind Tunnel (UPWT) is a clozed-

circuit continuous flow, variable density facility. The test section Is

4 feet by 4 feet by 7 feet long.

Two tunnel legs are available for supersonic testing in the _b

number ranges 1.47 to 2.86 (Leg No. I) and 2.29 to k.63 (Leg No. 2).

Leg No. i was used for this test. An asymmetric, sliding block nozzL_

position and total pressure setting provide the test Mach numbers at a

specified Reynolds number. Reynolds n,nmber can be varied from 0.76 to

7.78 million per foot. Available stagnation pressure variation is _.0

to 142 psia. Dynamic pressure variation is 95 to 1260 psf with normal

operating stagnation temperature about 150°F in Math modes 2 or 3 _ud

about 175°F in Mach mode 4. The tunnel is equipped with a dry air sul;_

ply, an evacuating system, and a cooling system. The facility power is

approximately 83,000 horsepower.

Model mounting provisions consist of various sti_%g arrangement,s, _-

eluding axial (longitudinal), lateral (in4ependent pitch and yaw), _,n_

roll movement with side wall support. A Schlieren system and oil flo:

visualization equipment are available. Data are recorded at th__ t_u,A

and reduced off-line at th_ Langle' Computer Ce_%er. The tunnel .'_ ,,_:z.,_

for force anr_1_om_,-,t_r",t_s_ure,au_ d_n_mic stabil_ty tests. Hot _nd

cold jet effects a._d !_cat transfer have been studied in the DTWT.

14



DATA _DU_ION

LaRC UT-27-100 six-component strain gage balance _>rasused to measure

model forces and raoments. All final data were presented along _ set: t]_

body and stability axes (Figure I) through the nominal ccnter off .z .....

located at F.S 1076.7 and FRL 375.0. Drag data present_J ,'_ =_ r'-

drag in that no corrections to free-stream _-__*:_,_ in t:_,-,-ha.... :,-_.....

=b_ve been :fAde. Model _a_a were convez-,_cd to sta_maro NASA ,q......: ............

using the followi_Ig constants:

Reference Area

Reference Length

Reference Span

Total base area excluding

sting cavity

Sting cavity area

2
° 05, _ = O. 6 ft.
tel

_ref = 7.122 in.

b = 14.05 in.
_'ef

Ab = 0.0{;15 ft. 2

A = O.O_k09 ft. _
SC

15



TABLE I
i i i I I i I ii ii iii i i i i i i i i,i

TEST : LaRC _ DATE :.. 5/26/77

TEST CONDITIONS

2;86

REYNOLDSNUMBER

(_er foot) i

2.0 x 106

2.0 x l0g'

2.0 x 106

STAGNATIONTEMPERATURE

(degreesFahrenheit)
i

DYNAMICPRESSURE

(pouMs/sq.inch)

3.30

3.30

2.T4

175

175

BALANCE UTILIZED: UT-27-100

CAPACITY: ACCURACY:

•NF 600 lb. +- 3.0 lb.

SF 300 lb. + 1._ lb.
+

AF I00 lb. -, 0._ lb.

PM 800 in-lb + _.0 in-lb.

RM _00 in-lb + 2.0 in-lb.
+

YM 600 in-lb - S.O In,lb.

COEFFICIENT
TOLERAi_CE:

COM',IENTS:

16
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( TABLE III.

MODEL DIMENSIONAL DATA

MODEL COMPONENT : BODY B26

GENERAL DESCRIPTION : Configuration 140A/B Orbiter Fuselage,

NOTE: B26 is identical to B24 except underside of fuselage has been

refaired to accept W

MODEL SCALE: 0.015 MODEL DRAWING: SS-A00147, RELEASE 12

DRAWING NUMBER' _ VL70-OOOI43B, -000200, 000205, -006089,
-000145, -O00140A, 000140B

DIMENSIONS FULL SCALE MODEL SCALE

* Length (OML: Fwd Sta. Xo=Z35)-In.
* Length(IML: Fwd Sta. Xo=Z38)-In.

* Max Width (@ X = 1528.3) - In.

Max Depth (@ Xo= 1464) - In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectional

Plan form

1293.3 19.4oo

1290.3 19,,3_5
264.0 3.960

250.0 3.750

_40.88

_..=i..._, i i i __

o .077

Wetted

Base

22



MODELCOMPONENT:

TABLE III-Cont inued

MODEL DIMENSIONAL DATA

CANOPY - C9

°

GENERAL DESCRIPTION: Configuration 3A, Canopy used with Fuselage

BZ6.

MODEL SCALE: O.015 MODEL DRAWING: SS-A00147 , RELEASE 12

(

DRAWlNGNUMBER' _ VL70-OOO 143A/B

DIMENSIONS • FULL SCALE MODEL SCALE

Length (X o = 434.643 to 587)

MaxWidth (@ Xo = 513.127)

Max Depth (@ Xo = 4_5.0)

Fineness Ratio

Area

Max. Cross-Sectional

Planform

143.357

152.412

25.000

2.150
i

2.286

0.375

Wetted

BOSe

23



TABLE Ill-Contlnued

MODEL DIMENSIONAL DATA

MODEL coMPONENT SLOTTED ELEVON (6-inch CAP) - Ed)

GENERAL DESCRIPTION Configuration 140A/B Orbiter elevon.

NOTE: E4_ is a slotted version of E?6. Data are for one side.

HODEL SCALE: 0.O!5 MODEL DRAWING SS-AOOidT

DRAWING NUMBER VL70-000 -OOO145

DIMENSIONS

Area - Ft 2

Span (equivalent) - In.

Inb'dequivalent chord - In.

Outb'dequivalent chard/ total
surface chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles. degrees

leading Edge

Trailing Edge

Hingelinu

Area Moment (Normnl to hinge line)

Mean Aerodynamic Chord (E), in.

FULL SCALE

210.0
I

349.2

118.004

55.192

0.2096

o.4oo4

o.oo

-10.056

0:00

1587.25

90.7

MODEL SCALE

0.O473

5.238

1.77o

0.82S

O,,2O96

o.4oo4

o.00

-10.056

0.00

0.00536

1.36o5

-

24



TABLE III-Contlnued
MODEL DIMENSIONAL DATA (

MODEL COMPONENT : BODY FLAP -F 8

GENERAL DESCRIPTION: Configuration 14OA/B Orbiter Body Flap.

Hingeline located at Xo = i528.3, Zo =

MODEL SCALE: 0.015 MODEL DRAWING: SS-A00147, RELEASE 12

DRAWING NUMBER . VL-OOOI4OA, VL70-000145

DINENSIONS ' FULL SCALE MODEL SCALE

Length (Xo = 1520 To Xo = 1613) 93.000 !.395

Max Width (In.) 262.00 3.930
i i

Max Depth (X o = 1520) - In. 23.000 0.345

Fineness Ratio
,,,= i , i --

Area - Ft 2
i

Max. Cross-Sectional

Plan form 150.525 O. 0339

Wetted

Bose

| |t

41 .,84722 0.00941
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TABLEIll-Contlnued

MODEL DIMENSIONAL DATA

MODEL COMPONENT : OMS Pod (Ml_)

GENERAL DESCRIPTION: Conf jgurat ion 140D Orbiter OMS Pod

MODEL SCALE: 0.015 MODEL DRAWING NO: SS-A00147

DRAWING NUMBER"

VL70-OOOI40D
VL70-O08I,,.010

DIMENSIONS ' FULL SCALE MODEL SCALE

Length (OMS Fwd Sta Xo=1310.5)--In,

Max Width (@ Xo = 1511) - In.

Max Depth (@ Xo = 1511) - In.

Fineness Ratio
i

2
Area- Ft.

Max. Cross-Sectional

• Planform

Wetted

Base

258.5 3.878
_, J

136.8 2.052

74-7 1,121 _._.

2.484 2.4_+
|, , ,

58.864 0.0132
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TABLE III- MODEL DIMENSIONAL DATA-Continued

MODEL COMPONENT: OMS NOZZLES - N28

,..

GE_;ERAL DESCRIPTION: " ConFi._uration 140A>B Orbiter OMS Nozzles

I
I

i
(
i
I
i

MODEL SCALE: O.O15 MODEL DRAWING:

SS-O00 I_7r

RELEASE 5 (Contour)

DRAWING NUMBER: VL70-O00145. (location)

DIMENS IONS : FULL SCALE MODEL SCALE

HACH NUMBER

Length- In.

Gimbal Point to Exit Plane
Throat to Exit Plane

Diameter - In,
Exit
Throat
Inlet

Area - ft 2

Exit
Throat

Gimb_l Point (Station) - In.
Left NozZle

Xo

"" Yo

Zo

1518.0 22.770

-8B.O -I'.320

490.2 7.380

Right Nozzle
X
Y
Z

1518.0 22.770

492.0 7.3_O

Null Position - Deg.
Left Nozzle

Pitch

Yaw

Right Nozzle
Pitch
Yaw

15049 ' 15049 '

12Ull, 12u'i7,

15°49 ' 15°t_9 '
12°17 ' 12°l} '
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TABLEIll-Continued

MODEL DIMENSIONAL DATA

MODEL COMPONENT RUDDER - R5

GENERAL DESCRIPTION 2A, 3, 3A, and 140A/B Configurations

MODEL SCALE: O.O15 MODEL DRAWING: S5-A00148

DRAWING NUMBER VL70-OOOI46A, VL70-000095, V170-O00139

DIMENSIONS

_rArea Ft 2

Span (equivalent)- In.

Inb'dequivalent chord - In.

Outb'd equivalent chord - In.

Ratio ,'novable surface chord/
total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Troillng Edge

Hingeline

Area Moment (Norma[ _o h,nge line)

Mean Aerodynamic Chord, - In.

FULL SCALE MODEL SCALE

100.15 0.0225

201.O 3.015

91.585 !.373B

50.833 0.7625
= i |

0.400 0.400

0.400 0.400

34.83 34.83

26.25 26.25

34.83 34.83

610.92 0.002

73.2 1.098
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TABLE III (Continued)

MODEL DIMENSIONAL DATA " Continued

(

LAODEL COMPONENT: VERTICAL - V8

GENERAL DESCRIPTION Configuration 14OA/B Orbiter Vertical Tail

MODEL SCALE.: 0,O15

DRAWING NUMBER ,.

DRAWING NUMBER:

vL70-OOOI46A

SS-AOOI48,_
RELEASE 6

DIMENSIONS:

TOTAL DATA

Area (Theo) - Ft 2
Pianform

Span (Theo) - In.
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep-Back Angles, Degrees.

Leading Edge
¢_Trai| ing Edge

0.25 Element Line

Chords:

Root (Theo) WP
Tip (Theo) WP
MAC
Fus. Sta. of .25 MAC

W,P. of .25.t'tAC
B.L.,of .25 MAC

Airfoil Section

Leading Wedge Angle - Deg.

Trailing Wedge Angle - Deg.

Leading Edge Radius

Void Area

B:anketed Area

FULL SCALE MODEL SCALE

413.253 0.093

315.720 4.736

' i.675

0.507 0.507
o.4o  :464

4 Looo
26.2 26.2

41.I o 41.13o

_268.5o0 4,p2S
I08.47o - l.G27 _

.. 199.808 • .2.997 ,

.!_63-50 1 21.953

O.O0 O.OO

IO.00 I0.OO
14.920 14.920
2.00 0.030

13.17 . 0.030

0.00 0.00
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TABLE III (Concluded)

MODEL COMPONENT: WING-W

GENERAL DESCRIPTION:

MODEL _CALE: O.OIS

Configuration 4

N3TE: Identical to W i[_except airfoil thickness.

Dihedral anqle is along trailing edge of win 9.

. MODEL DRAWING SS-A_OI4B

DRAWING NUMBER: vTo-3o-9o6-oz (_D)

DIMENSIONS: FULL-SCALE MODEL SCALE

TOTAL DATA

Area (Theo) Ft 2
Planform
Wetted

Span (equivalent) (Theo) In,
Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Toe-ln Angle

Cant Angle

Sweep Back Angles, degrees

Leading Edge

Trailing Edge
0.25 Element Line

Chords :
Root (Wing Sta. 0 O) (Theo) B.P.O.O. 689.24

Tip, (equivalent) "(Theo) B.P. 137..8_

MAC 41b.81

Fus. Sta. of .25 MAC 1136.83

W.P. of .25 MAC Z9o._8
B.L. of .25 MAC 182.13

Airfoil Section

Root

Tip
EXPOSED DATA

Area Ft2 1751.50

Span, (equivalent) (Theo) In. BPI03 _720.68

Aspect Ratio 2:059

Taper Ratio " 0.245
Chords

Root BPI08

Tip l.O0 h
Z

MAC
Fus. Sta. oF .25 MAC

W.P. of .25 I.IAC
B.L. of .2h MAC

2690.00 0.605

93616B W.oso
2.265 2.265

1.177 i.177
0. 200 0.200

3.500 _.5o?
• 0.500 0_500 ....
..+3.000 T3.000

f

45.000 _.o00
-1o.o_6. -i_o_____1

35.209 _L,._O._q .__

JLIL.8_t__

2',1.71

I_O._}J3__
2.o6E_

7. ! zZ__ ,
17 Oc'_
_.4.359

2.732

2_o.GB

LLL_

3.717

3o
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FILLET

O.I inch strip of no. 100 grit

at 0.5 inch measured streamwise

t

MAIN WING and VERTICAL TAIL
i II

O.! inch strip of no. 120 grit

at 0.5 inch measured streamwi

\ NOSE

0.] inch strip of no. 120 grit

at 1.2 inch measured strearmt:ise

Co
Position of Transition Grit Used in Investigation

Figure 2. - Concluded.
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TABULATED SOURCE DATA

Tabulations of plotted data are available from DMS upon request.
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